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This report describes the computer program NAUA Mod4. Its purpose 
is to calculate the behaviour of a polydisperse aerosol system in 
a closed vessel containing a condensing atmosphere as a function of the 
time. The main object is to explain the physical background and to 
describe the structure of the code and the input and output in detail. 
NAUA Mod 4 
Ein Computerprogramm zur Berechnung des Aerosolverhaltens bei einem 
LWR-Kernschmelzenunfall 
Programmbeschreibung und Benutzeranleitung 
Zusammenfassung 
Dieser Bericht beinhaltet eine Beschreibung des Computerprogramms 
NAUA Mod4, dessen Aufgabe die Berechnung des zeitlichen Verhaltens 
eines polydispersen Aerosolsystems in einem geschlossenen Behälter 
unter dem Einfluß von Wasserdampfkondensation ist. Der Schwerpunkt 
liegt dabei auf der Erläub.erung der physikalischen Zusammenhänge 
und der Struktur des Programms sowie der genauen Beschreibung der 
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JNTRODUCTION 
NAUA-Mod 4 is a computer code for calculating the aerosol behaviour in closed 
vessels containing a condensing steam atmosphere. The code was designed and 
developed for applications in the field of fission product transport and 
depletion during core melt accidents ln light water reactors, especially 
pressurized water reactors. 
Although the equation~ for aerosol behaviour do not depend on the container 
itself and also not on the environmental boundary conditions, the code works 
with assumptions which are directly re1ated to a melt down accident. There-
fore, the code should not be used for completely different applications with-
out careful consideration of its validity. The authors will be happy to assist 
in such cases. 
NAUA-Mod 4 describes the aerosol behaviour only, The containment thermodynamics 
the source terms for aerosols and steam, and the leakages are external input 
functions for this code. This implies of course no feedback mechanism between 
the aerosol and these functions. This is true for a core me1t scenario. 
Finally, NAUA-Mod 4 calculates physical processes only. Chemical effects. in 
fission product behaviour, as e.g, iodine chemistry, are not included. They 
have to be accounted for by proper use of the very versatile iriput capabili-
ties (separate tracking of different species). 
NAUA-Mod 4 replaces the older version NAUA-Mod 3 L- 7. The main physical im-
provement was the substitution of the condensation mode1 by an experimentally 
verified new one L-2_/. This having been done, all the model equations in the 
code are verified by single effect experiments, The authors, therefore, con-
sider the code ready for re1ease to interested users. In order to facilitate 
the application, some changes in the code structure were made to provide input 
and process options for a wide variety of conceivable cases to be calculated. 
The most important input capabi1ities aret 
Time dependent aerosol source structuring, 
Up to 30 arbitrary time interva1s may be specified in which instantaneous 
or constant rate sources occur. 
Bimodal aerosol source size distribution. 
Only for convenience the size distribution is input as a bimodal lognormal 
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function. The code itself is not restricted to any type of size distribution, 
and tables of arbitrary size distributions could be used as input if they 
were given. Source rates for the two modes can be specified independently in 
every source time interval as well as the size distribution parameters and 
particle density. 
Multi-species source composition. 
Every source time interval and every mode may contain independent fraction 
values for up to 50 'nuclides', which are separately tracked throughout the 
calculation. 
Multi-compartment option, 
Sequential multi-compartment calculations can be clone in one job. 
Restart option. 
The restart option can be used when running new cases, A short run can be 
made and after inspection of the intermediate results the computation can 
be continued. Also long running cases can be split into more manageable 
sections. 
Large scale demonstration experiments are planned for the ernmediate future to 
show the validity of the calculated results. This appears to be necessary in 
spite of the fact that the physical models used in the code have been validated 
experimentally. The authors, however, are confident that no changes in the 
modeling will become necessary. 
Additional numerical improvements which are on going concern mainly the im-
provement of the problern time/computing time ratio and the interface to con-
tainment codes. 
1. THE PHYSICAL MODEL 
The basic physical model in NAUA-Mod 4 is the same as in mode of the advanced 
aerosol behaviour models for closed containers (~3 7. The following assumptions 
- "t"' 
are used in order to keep computing time at an adequate level: 
Particles are homogeneously distributed in a control volume except for the 
boundary layers at the walls. 
Within one particle size class no difference Ln particle composition is 
allowed. 
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Particle properties are functions of only one independent variable, the 
particle size, and of the particle density which may change, due to varying 
particle composition. 
Process coefficient (shape factors, boundary layers etc.) are assumed to be 
independent on particle size. 
For core melt accidents these assumptions are considered to be valid. Internal 
mixing of species in one size class is quickly achieved by coagulation. The 
spatial homogenity in the control volume is accomplished by convection, 
especially in condensing atmospheres, So, presently no reason is known not to 
use the physical volumes of the reactor building as control volumes, Within a 
control volume the code calculates the following processes: 
Removal processes 
• Gravitational settling 
• Diffusional plat out 
Interaction processes 
• Brownian coagulation 
• Gravitational coagulation 
• Steam condensation on particles 
Transport processes 
• Aerosol sources 
• Leakages 
These processes were chosen because they are dominant. Thermophoresis e.g. has 
been eliminated because in an LWR it may only occur in the early phases of the 
accident; when temperature gradients are big enough. During this phase, how-
ever, all other processes are vigorous, too. So thermophoresis is considered 
to be negligible throughout the whole sequence. 
Similar considerations were made for other processes that are not included in 
the model. Should one of them for any reason become important (e.g. in a new 
application) it could easily be incorporated into the code. In this sense, 
the code should be regarded as under continuing development. 
1.1 REMOVAL PROCESSES 
The aerosol removal model ~n stirred conditions is well known /~4 7. The change 
~ ~ 
""' 4 
~n differential number concentration d n (r) per time interval dt by deposition 
on a surface is 
d N (r) 
dt 
- N (r) u (r) A ( 1) . -
V 
where V is the volume in which the aerosol is contained, and A the process re-
lated area onto which the deposition of particles takes place; u (r) is the 
deposition velocity 
u (r) = F • B (r) (2) 
which a particle of radius r and mobility B (r) attains under the influence of 
an acting force F. For a spherical particle the mobility B (r) is given by 
Stokes' law 
B (r) C (r) 
6 'IT n r 
with n being the viscosity of the carrier gas and C (r) the empirical 
Cunningham correction factor. 
In NAUA-Mod 4 the equation 
is used (Kn 
C (r) = 1 + 1.246 • Kn + 0.42 • Kn • exp (.,.. 0 · 87) 
Kn 
Knudsen number) L-5 7. 
(3) 
(4) 
In NAUA-Mod 4 the size parameter r is the vo1ume equivalent radius, which for 
normal applications is equal to the Stokes' radius (c.f. section "shape fac~ 
tors" for detailed information). 
For gravitational settling the steady state settling velocity ~s obtained by 
substituting the gravitational force for F in eq, (2) 
2Peff • g 
9 n • r2 • c (r) 




For gravitational settling the surface area A in eq (1) has to be taken as the 
sum of all upward facing horizontal projections of surfaces ~n the volume V. 
For all other processes the orientation of the surfaces is irrelevant. 




is used. D (r) ~s the diffusion constant 
D (r) = kT • B (r) (7) 
with k the Boltzmann constant and T the absolute temperature, 
8D is the diffusional boundary layer across which the particle concentration 
drops to zero with a constant gradient. NAUA-Mod 4 uses oD as a constant input 
parameter, a value of oD = 0.01 cm is appropriate for most cases, 
1.2 INTERACTION PROCESSES 
Interaction processes are most important for the behaviour of highly concentra-
ted aerosols because they are responsible for the non linear bebaviour of 
aerosol removal. They are calculated with very high time and pq.rticle size re-
solution and this calculation consumes most of the computation time. The two 
interaction mechanisms considered in NAUA-Mod 4 are coagulation and steam 
condensation. 
Brownian Coagulation 
The collision frequency ~ due to Brownian motion ~s given by 
K. ( r. , r
1 
) . b ~ c 
(8) 
ri and rk are the radii of the two particles involved in the coagulation pro-
cess. The result of the process is the disappearing of the two particles and 
the creation of a new one with a mass and volume equal to the sum of the 
masses and volumes of the two original partic1es, Regarding the new particle 
as spherical too, one obtains the following conservation rules for the 
individual coagulation process 
6 
m. m. +~ 
J 1 
v. v. + vk 
J 1 
d = r~ + r3 
J 1 k 
where the subscript j denotes the new particles, 
Gravitational Coagulation 
The collision frequency K due to gravitationa1 coagulation is given by 
g 
- u s 
The problern in this equation is the value of the collision efficiency E, 






( 1 0) 
( 11 ) 
rather than a constant value, which might not represent the situation correctly 
over the whole real time period of a calculated case. 
The calculation of steam condensation on particles is a very fast molecular pro-
cess, it may also contribute much to the removal of particles through generation 
of large fast settling droplets. 
The obvious solution, to expand eq (8) and (10) down to molecular size values, 
cannot be used for reasons of computing time. Therefore, a more simple but yet 
precise enough description of the process had t6 be found, An iterative process 
of analytical studies and experimental investigations lead to the following 
model. 
The change in radius of a particle due to condensation or evaporation of steam 









LM p RT w 00 
( RT - 1 ) + "MD::'-:P:::---
oo s 
S steam saturation ratio 
cr(Tr) surface tension of water 
(12) 
M molar weight of water 
p (Tr) specific density of water w 
R universal gas constant 
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T temperature of the droplet r 
Too temperature of the carrier gas 
L(Tr) latent heat of water 
K(Too) heat conductivity of water vapor 
P (T ) saturation pressure of water vapor s 00 
It is assumed that the ieeal gas law holds and that T ~ T , 
r oo 
o, P , L, K and P are calculated as functions of temperature every time step. w s 
This equation was derived for thermal equilibrium conditions in normal atmos-
pheres. It was dthe objective of an experimental project to measure the possible 
deviations from ,eq (12) in a simulated accident atmosphere with realistic pres-
sure, temperatures and aerosols, the result of the experiments was that the 
equation can be used without any corrections /-2 7. Obviously the steam concen-
~ -
tration and the related changes at elevated temperatures are so high that no 
time delays or second order effects become noticeable. On the other hand, because 
the concentration changes and consequently the particle size changes are fast and 
big, a separate, much finer time integration scheme has to be used for evaluating 
eq (12). If the condensation process was calculated too coarsely (e.g. by using 
the time steps with which the other aerosol processes are calculated), over-
shooting and instable oscillations about the saturation limit could occur, 
Consequently, the condensations routines consume much computation time and the 
code contains control parameters to suppress them whenever not needed, 
1.3 TRANSPORT PROCESSES 
Since the NAUA code is designed for closed containers, the only trauspart 
effects considered are aerosol sources and leakages. They are accounted for 
as volume sources and sinks, which means that no depletion in transport paths 
1s calculated within the NAUA code. 
The aerosol source has to be specified as input data, Arbitrary time functions, 
size distribution parameters, particle densities and nuclide composition are 
acceptable. 
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The leakage is specified as input data, too. No s~ze dependent effects are taken 
into account by the code. 
1.4 SHAPE FACTOR CONSIDERATION 
The most important by-product of the experimental investigations was the confir-
mation of the spherification process. Particles undergoing condensation - evapo-
ration processes are compressed to almost spherical shape, The residual deviation 
from ideal spheres is small and does not need to be taken into account in the 
model. The process also compacts coagulated aggregates of previously compacted 
particles. The effect was experimentally established with non-hygroscopic 
particles, it will certainly be stronger for soluble and hygroscopic particles. 
It is unconceivable then, that the spherification effect should not occur in a 
water reactor accident for more than very short time periods or very small 
spaces in the building. Therefore, the spherical shape can be assumed throughout 
the calculation. Consequently all shape dependent shape factors could have been 
eliminated from the code equations. This has not been done in order to keep the 
code applicable for future problems of different nature, but the corresponding 
shape factors are input parameters whose value should be set equal to unity. 
These are the following three shape factors, which were not written in the above 
equations: 
the dynamic shape factor K to be inserted ~n the denominator of eq (3) 
the coagulation shape factor f multiplied into eq (8) 
the condensation shape factor f , which is a factor in the exponential ~n 
m 
eq (12). 
Defining these shape factors as only shape dependent requires the use of a 
density correction for porous particles in eq (5) for gravitational settling 
and in eq (10) for gravitational coagulation. This is most conveniently done 
by using an effective density peff instead of the material density p 




was measured in L 2 7 for the spherified particles. Therefore, unless special 
values are given, a density reduction by 50% can be recommended for all 
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insoluble particle materials. The effective density is the density input para-
meter for the NAUA code. 
1.5 COMBINATION OF PROCESSES 
In NAUA-Mod 4 the different aerosol processes are treated as additive. 
Occasionally the question was raised whether this assumption may be too rough 
or not L-7_/. The second order correction in the combination of any two simul-
taneaus processes, however, depends on the rate of both of them. And the error 
in computed results increases with the length of the time step. The code, there-
fore, automatically adjusts the time step duration such that the fastest aerosol 
process mostly (brownian coagulation).does not lead to too large changes 1.n any 
particle size class. This algorithm is controlled by an accuracy parameter, the 
value of which was determined in parameter studies, The accuracy parameter is 
included in the input list and has to be used with care. 
For the computation of condensation a separate similar procedure is used, which 
controls the condensation time step. It is smaller than or equal to the coagu-
lation time step. These precautions keep errors within limits which are accept-
able for the normal application of the code to core melt accident analyses. 
2. THE NUMERICAL MODEL 
2. 1 THE HODEL EQUATION 
If all the mathematical expressions for the different physical processes dis-
cussed 1.n the previous chapters are combined, tbe complete model equation is 
obtained. 
Cln (r, t) 
Clt 
3 
S (r, t) - ( D (r) + s 
(r) + T (r)) n (r, t) 
K ( I r 3 - r 1 3 
' 
3 
r 1 )n(/r -r', t) n (r 1 , t) 
I 3) 2 
00 
- n(r, t) f 
0 
Clr 
K (r, r 1 ) n (r 1 , t) dr 1 + Clt 






This integre-differential equation can be solved only numerically, To facilitate 
this solution the particle size distribution expressed by n (r) is approximated 
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by a nurnber of monodisperse fractions (a kind of histograrn). By this rnanipula-
tion the given integre-differential equation can be transforrned into a systern 
of coupled first order differential equations, 
N 
- ~ (1- 1/2 öik) •K (ri' rk) •n (ri' t) •n (rk' t) 
i=1 
N N k + 1/2 ~ ~ K ( r. ' r.) ß .. • n ( r. ' t) • n (r.' t) 
i=1 j=1 1 J 1J 1 J . 
(t) '\ vk-1 ( t) + ( 1 - 01k) • n (rk-1't) - • n (rk, t) V - vk-1 vk+1 .,.. V k k 
for k = 1, •... , N 
Such an equation systern can be treated rnuch rnore easily and nurnerically rnore 
stable than the cornplete integre-differential equation as it was found by 
experience L-9_7. One difficulty arising by this reforrnulation is that the 
new particles forrned by coagulation do not fit into the given classifica-
tion of the particles if a non.,.rnass equidistant classification is applied as 
usual. Therefore, an interpolation has to be perforrned whereby the new-forrned 
particles are distributed between the two particle size classes nearest to 
the new particles. This interpolation conserves the particle nurnber and rnass. 
Another problern is the cornposition of the particles of the two cornponents, 
a non-volatile solid fraction and a volatile liquid fraction, On the one 
hand it is not possible to assurne homogeneaus rnixing over the whole particle 
size distribution because the condensation and evaporation rates (eq 12) are 
strongly dependent on the particle size, on the other hand the introduction 
of a second dirnension describing the different cornposition of the particles 
in addition to their size is too tirne-consurning and therefore not practi-
cable. The cornposition of the particles is, therefore, averaged in each size 
class but varies frorn size class to size class, The variation of the cornposi-
tion is calculated taking into account the influence of the coagulation of 
differently cornposed particles, sources of new particles and the condensation 
of water on the particles. Fortunately, it can be shown /~2 7 that the sedi-.,.. .,... 
rnentation of the solid fraction (carrying the radioactivity) is underestirnated 
by this sirnplification and therefore justified. 
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2.2 THE SOLUTION TECHNIQUE 
The equation system (14) is solved by the Euler~Cauchy-method which is a 
standard numerical technique. To ensure the numerical stability, the time 
step is calculated by the code itself using the ratio of the first to the 
zeroth derivative as a measure because, fortunately, it can be shown that 
this ratio is of the same order as the ratio of the second to the first 
derivative justifying this procedure, 
This method is used for the main part of the equation controlling the 
coagulation and the depletion processes. The condensation, however, as 
the fastest and to numerical instabilities most sensitive process is inte-
grated in a separate routine where the time step is calculated by the 
difference between the result after the full time step and two half time 
steps. If the stability criterion is violated, the code goes back to the 
beginning of the time step and starts again ·with a smaller time step. 
The principle scheme of the code can be seen best in the block diagram 
(fie. 1). 
2.3 PROGRAM UNITS 
1. MAIN 
The most input data are read here and all the necessary starting values are 
set. To save computation time the temperature independent parts of the de-
pletion coefficients are calculated before the entry into the time loop. 
In the time loop the coagulation is computed except the coagulation frequen-
cies. Taking into account the result of the coagulation and the removal pro-
cesses the new particle size distribution is calculated after the time step 
DELZEI which is calculated in the subroutine DELTIM. All removal coefficients 
are temperature dependent. Some of the necessary values like the viscosity 
and the mean free path are provided as statement functions. 
At the same time the mass depleted by the different processes 1s calculated. 
Using the new distribution,the dry, liquid as we11 as the total airborne mass, 
the number concentration and the average radius are computed. Dependent on 
the number of time steps, a small or a large output including the particle 
size distribution are printed, To limit the amount of output the printing 
frequency is also restricted to a certain part of the total problern time. 
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Therefore, the time between each printing is at least 1/1000 of the problern 
time. Also data are written on predefined files to prepare plots of mass and 
number concentration, average radius and other values versus time, and of size 
distributions at different times. 
At the end of the time loop the code enters the concensation subroutine 
NEWCON and goes back to the beginning of the loop if the stop condition 1s 
not fulfilled. 
If the stop condition is valid, all data necessary for restarting the code 
are written on the restart file and the execution is terminated, 
2. CUN (subroutine) 
The size and temperature (because of the temperature dependent mean free path) 
dependent slip-flow mobility correction (Cunningham correction) is calculated 
according to the va1ues given by Millikan and Fuchs. 
3. KERN (subroutine) 
The coagulation frequencies, brownian as well as gravitational, are calculated 
here. To save computation time in cases when only brownian coagulation is 
requested, two different entries for these two different requests are provi-
ded. As already mentioned, the Fuchs formulation is used for the collision 
efficiency. 
4. DELTIM (subroutine) 
The time step DELZEI is calcu1ated due to the criterion explained in the 
previous chapter. The size of the time step and by this the integration 
accuracy can be influcenced by the parameter EPS. 
5. SOURCE (subroutine) 
The size dependent source of solid particles is computed from the g1ven input 
data assuming for convenience a bomodal lognormal distribution because for 
nearly all applications only some average particle sizes are known and, there-
fore, exact size distributions are not available. But in principle also an 
arbitrary table can be read as size distribution. This option is used in the 
next subprogram READL. The release of the particles can be given as a long 
time source or as a puff release, 
Also the time dependent partic1e density and the time dependent contents of 
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the different nuclides are calculated here, assuming that all material re-
leased is instantaneously mixed over the whole solid part of the particle 
size distribution at the moment of its release, 
6. READL (subroutine) 
This subprogram provides the particle sources for secondary compartment 
runs. It reads the size and time dependent leakage of a proceeding run. 
Therefore, no further assumptions concerning the size distribution of the 
source particles for the secondary compartment have to be made. 
As in the subprogram SOURCE, the time dependent particle density, and the 
nuclide contents are calculated. 
7. NEWCON (subroutine) 
This subprogram performs the numerical integration of the growth rate due 
to steam condensation according to the Mason equation. All important para-
meters are given as temperature functions, mostly in the form of statement 
functions. At the end of the subroutine the particles are interpolated into 
the predefined size classification according to their changed sizes. 
8. DRYOUT (subroutine) 
The liquid part of the particles, which leave the compartment through a leak, 
is removed and the particles are interpolated into the predefined size clas-
sification according to the sizes of their solid part. The obtained size de-
pendent leak rates can be read again by the subroutine READL in a subsequent 
job. The particles are reduced to their solid part since normally the thermo-
dynamic conditions are different in the various compartments causing diffucul-
ties predicting the behaviour of the volatile part. To be on the safe side it 
is therefore assumed that the partic1es become dry if they are transferred 
from one compartment to another. 
9. TEMPCI (function) 
The containment temperature is read as a time equidistant table. The actual 
temperature is calculated by linear interpolation between the given grid 
points. If the time is greater than the time of the last grid point, the 
temperature is assumed to be constant at this temperature for the rest of 
the calculation. The normal entry into the function (except the first one) 
is called TEMPC. 
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10. DRWURZ (function) 
The third root of any number is calculated there, 
11. STEAMI (function) 
The steam source is read as unarbitrary table containing the time and the 
steam flow rate at a number of grid points. Between the grid points the 
steam flow rate is assumed to be constant. If the last steam flow rate is 
not equal to zero, the code produces an additional grid point at the end of 
the problern time with a flow rate equal to zero. The normal entry into the 
function (except the first one) is called STEAM. 
12. TLEAKI (function) 
The leak rate of the compartment is read as an arbitrary table containing 
the time and the leak rate at a number of grid points. The structure of the 
data is the same as that of the steam flow. 
Between the grid points the code assumes linear interpolation. If the last 
leak rate is not equal to zero, the code produces an additional grid point 
at the end of the problern time with the leak rate equa1 to zero exept that 
only one grid point is given. In this case the leak rate is assumed to be 
constant at this value for the whole calculation. The normal entry into the 
function (except the first one) is called TLEAK. 
2.4 INPUT 
The complete input list is shown in fig. 2, It can be seen that the whole 
"normal" input is read list-directed from a data set corresponding to the 
data set reference number 5 except the two text 1ines for the head line. 
They are read by a format 18A4 (format statement 6031). Allinput data 
written by preceding runs of the code are provided as unformatted data. 
These are: 
1. Restart data set (from uni 10) 
This data set enables the user to start the calculation again if the exe~ 
cution was terminated by reaching the problern time or the given CPU~time. 
The input from the unit 5 has to be the same as for the first run except 
the parameter RESTRT. It has to be set on •TRUE• insted of FALSE , If 
RESTRT is equal to •TRUE•, the code expects a restart data set. 
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2. Leakage (from unit 2) 
If a run is performed for a subsequent compartment, the code expects the 
leakage written on a file by the preceding run as input. It contains the size 
of the preceding volume, the nurober and names of nuclides, contents of the 
various nuclides, the density of the particles and the size dependent leakage 
at all time steps of the preceding run. 
3. CPU-time (from unit 19) 
If runs of several compartments are performed in one job but different steps 
(see examples 3 to 5), the CPU-time needed for the stop condition has tobe 
transferred from step to step because the code has to know the whole CPU-time 
consumed already by the previous steps. Therefore, only the CPU-time (CPUZT) 
read in the first step is important and should be equal to the time given on 
the job card. In the subsequent steps it is read over by the value from unit 
19. 
A list of the variables read by the card reader (unit 5) including the expla-
nations of their meaning is viven in table 1. 
2.5 OUTPUT 
The printed output (unit 6) comprises the input data, some informational out-
put concerning the start of condensation and the preceding run for secondary 
compartment runs, a small output containing the values of the actual mass and 
number concentration, the depletet masses and so on and a large output consis-
ting of the same data as the small one plus the particle size distribution. 
The printed output is selfexplanatory as it can be seen in the examples given 
in the appendix. Therefore, no further explanation is necessary. 
In addition to the printed output some other output options are provided. 
Since all these data are read during other runs of the NAUA code itself or 
by other codes like plot programs, they are all written unformatted. 
1. Restart data set (unit 9) 
If the execution is terminated by reaching the problern time or by us~ng up 
the given CPU-time, a restart data set is written to enable the user to 
continue the run by a new job. The consumed CPU.,...time has to be calculated by 
the code using a machine-dependent routine. 
For further details see also the exp1anation of the parameter RESTRT in 
table 1, 
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2. Leakage (unit 1) 
At each time step the code writes the s1ze dependent leakage on a data set 
(variable ZLEAK), the actual contents of the various nuclides and the actual 
density of the particles onto this data set. At the beginning of the run 
(except for restarted runs) the size of the volume, the number of nuclides, 
the names of the nuclides and the duration of the particle source is written 
onto this data set. The data set is therefore very large in most cases, e.g. 
in the order of 10 MBytes. 
3. CPU-time (unit 19) 
For details see the description of the CPU-time data set in the previous 
chapter (description of the input), The data set is rewinded at the end of 
the run and the remairring CPU-time is written on it. It may be defined as a 
very small temporary data set. 
4. Plot dat set (uni 8) 
To enable the user to produce plots of the various time dependent values, 
the necessary data are written onto this data set. It can be read agairr by 
any suitable plot program. The variables contained in each record of the 
data set are listet in table 2. 
5. Plot data set for the particle s1ze distribution (unit 3) 
Each time, the large output is printed, the particle size (number) distribu-
tion is written onot this data set to enable the user to plot the size dis-
tribution at this time. The variables written on each record are listed in 
table 3. 
If a problern is computed by a number of restarted jobs, the data sets 2, 4, 5 
can be simply concentrated in the proper order, of course, since the starting 
records are written only in the first job and the structure of all other 
records is the same. 
1 7 
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Differential Quotients due 
to Depletion Processes and 
Coagulation 
\il' 
Calculation of Time Step t, t 
Condensation and Evapo-
Time Integration 




New Particle Size Distribut. 
,, 
Calculation of Time Stepf', t' 
' 
t = t + /:, t 
Time Integration 
\1 
Output t-_1 = t- - /:, t 
t' = t' + /:, t' 
t < t 
total 
yes and 
















C MAIN PROGRAM 
READ (5,6031) TEXT 
6031 FORMAT (18A4) 
c 
C INPUT BY LIST-DIRECTED INPUT 
C VARIABLE NDUMMY TO READ THE LINE NUl'lBER IF NUl'JBERED RECORDS ARE 
C USED AS INPUT 
C IF NON-LINE-NUI'lBERED RECORDS ARE USED, NDUl'!HY HAS TO BE REMOVED 
c 
READ (5 '•Ir) VOL,FSED,FDIFF,NDUMMY, 
+ FOR~!, FORMC, FORMKO, DELD, NDUl'!MY, 
+ 
+ 
RHIN, RMAX, K~!AX, EPS, CUTOFF, NDUl'!~!Y, 
SZEIT,TIME,CPUZT,NDUMMY, 
RESTRT,ZWCOMP,FOLGE,GRAVK,LEAK,NDUMMY, 
LKOND, TH!EK 1, TH!EK2, TIMEK3, TIHEK4, NDUl'!l'!Y, 















SIGL(2, I) ,RH01 (2, I), TQ(I+1) ,NDUl'!NY, 
(NM!NUC (K) ,AKTIV! (1, I ,K) ,AKTIV! (2, I ,K), NDUW!Y, 
K=1,NUKLID),I=1,NPHASE) 
READ (19,END=50) CPUZT 
IF (Z\VCOHP) READ (2) VOL1,NUKLID,SOUTIH, (NAHNUC(K) ,K=1,NUKLID) 
90 READ (10) SZEIT,ZCON,TCE,DELZEI,DEPDIF,DEPSED,DEPD2,DEPD3,DEPS2, 
+ DEPS3,NTOT,SUHLK,SUMLKA,AKTIV,\V11,V,Z,RHOB,KULIH,KOLIM, 
+ S ,AVl'!AS1 ,AVHAS2, ZNORM,FIRST, DELTAT, DM!PFH, SGEWTR,DEPDA, 
+ DEPSA,SUHSOU,NUKLID,NANNUC 
120 IF czwcmiP) 
+ CALL READL (Z, V ,SZEIT ,DELZEI, CUTOFF ,RHOB ,AKTIV ,NUKLID, SGE\vTR, 
+ KULIM,KOLIM,DILUTE,ZWCOMP) 
SUBROUTINE READL (Z,V,ZEIT,DELTAT,CUTOFF,RHOB,AKTIV,NUKLID,SGE\v, 
+ KULIM,KOLIM,DILUTE,ZWCOMP) 
READ (2,END=90) ZEIT2,RH02,RLPV2,(AKTIV2(K),K=1,NUKLID), 
+ (Q2(K) ,K=1,Kl'!AX) 
FUNCTION TEHPCI (T) 
READ (5, •'<) N, DELT 
READ (5, •'<) ((TI (9''' (I -1 )+K), K=1, 9), NDUl'lHY, 1=1, NN) 
FUNCTION STEM!I (Tl) 
READ (5,•'•) N,NDUH~lY,(TD(K),D(K),NDUm!Y,K=1,N) 
FUNCTION TLEAKI (T) 
READ (5, ''') N, NDUl'!l'!Y, (TL(K), RL(K), NDUMMY, K=1, N) 
FIG. 2 INPUT LIST 
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Table 1: Card-Input (Rernark: R4 : Real 4 R8: Real 8 I: Integer 4 
1: Logical 4) 
Card 
Variable Type Explanation !Dirnen-Nurnber S10n 
1 + 2 TEXT R4 Head-line to be printed to -
(1 .. ,36) identify the job 
3 VOL R4 Valurne of the cornpartrnent crnJ 
FSED R4 Floor area of the cornpartrnent crn2 
FDIFF R4 Total surface area of the crn2 
cornpartrnent 
4 FORM R4 Mobili ty ehape facto:~ for the -
FORMC R4 Coagulation shape factor experirnen- -
FORMKO R4 Condensation shape factor tal value -
j see I 1/ 
DELD i R4 Diffusional boundary layer crn 
5 RMIN R4 Lower size lirni t of the particle crn 
classification 
RMAX R4 Upper size lirni t of the particle crn 
classification 
KMAX I Nurnber of classes of the particle -
classification 
EPS R4 Accuracy pararneter for time -
integr2tion 
,, 
CUTOFF R4 Cutoff value for particle size 
-.) 
crn 
distribution. If the nurnber · of 
particles 1n a class is srnaller than 
CUTOFF, the class l_S set to zero 
6 SZEIT R4 Starting t i_rne nf the problern,equals sec 
the time of first particle release 
in the accident to be analysed 
TürE R4 Total problern time. After reaching h 












< 1 .E-6 
20. E-4-
1 OO.E- 4 
80 - 110 
0. 1 
1 .E - 15 
-
-
-21- (Table 1 cont') 
i 
CPUZT R4 Same CPU-time as inserted on the job min -
card. If the CPU-time 1S reached, the 
exr:cution 1S terminated and restart 
I 
data are written onto the restart f i le. 
To do this a machine dependent routine 
has to be used to calculate the CPU-
time already consumed 
7 RESTRT L Flag to expect a restart file - -
.FALSE. (= NO) 
ZWCOMP L Flag to indicate a subsequent com- - -
partment run, data written by a pre-
ceding job are expected 
.FALSE. (= NO) 
FOLGE L Flag t0 indicate that a run will be - -
made reading the leakage of the ac- I 
tual run as input. Activates the 
subroutine DRYOUT .FALSE. (= NO) 
GRAVK L Activates the gravitational - -
agglomeration 
.FALSE. (=NO) 
LEAK L Activates the leakage - -
.False. (= NO) 
8 LKOND L Activates the steam condensation - -
onto the particles 
.FALSE. (= NO) 
TIMEK1 R4 ) Lower and upper time limit of the sec -TIMEK2 R4 first period of condensation sec -
TIMEK3 R4 } Lower and upper time limit of the sec -TIMEK4 R4 second period of condensation sec -
-22-









(2 +NU.:. SRATE 
KLID) * ( 1 , I) 
(I -1) KONTIN 








SI GL ( 1 , I ) R 4 
RHO 1 ( 1 , I) R4 
SRATE(2,I) R4 
(2 +NU- KONTIN 
KLID)* (2,I) 1 
(I-1) RG(2,I) R4 
+ 12 SIGL(2,I) R4 
RH01(2,I) R4 
TQ (I+1) R4 
( 2 + NU NAMNUC (K) R8 
KLID)* MZTIVI R4 
(I-1) ( 1, I,K) 
+12+IZ AKTPli R4 
(2, I,K) 
(1): Number of time steps a small 
output has to be printed 
(2): Number of time steps a large 
0utput has to be printed ~n­
cluding the size distribution 
Number of time steps data have to be 
written onto the plot data set 
Number of release periods for the 
particle source 
Number of nuclides to be balanced 
Source rate for particle release for 
the mode 1 in period I 
Flag to indicate if SRATE (1,I) ~s 
a puff or a continuous release 
.TRUE.: continuous 
. FALSE.: puff 
mean geometric radius of mode 1 
in period I 
logaritlunic variance 
of mode 1 in period I 
particle density of mode 1 in 
period I 
the same meaning as 
the above values but for 
the mode 2 in period I 
end of release period I 
Name of nuclide K 
Content of nuclide K in mode 1 of 
period 1 as mass fraction 
































(Tabl, 1 con') 
These (NUKLID + 2) * NPHASE (= NMAIN-10) cards define the complete 
particle source including the information about the contents of the 
various nuclides. The names of the nuclides may not be different 
in the different release periods . 
- in function TEMPCI -
N I Number of gri.d points for the - ~ 200 
temperature function 
DELT R4 Time interval for the time-equidis-
tant temperature table 
TI (K) R4 Table of the containment tempe- c -
K = 1 ,N rature 
- ~n function STEAMI -
N I Number of grid points of the steam - ~ 200 
source 
TD(K) R4 Time at the grid point K of the St'C. -
steam source 
D(K) R4 Steam flow rate from time TD(K) g/s<:~c -
to TD (K+1) 
- ~n function TLEA..TZI -
N Number of grid points of the con- - ~ 200 
tainment leakage 
TL(K) Time at the grid point K of the sec -
leak rate 
RL(K) Leak of the 
-1 
rate out compartment sec -
K = 1 ,N at the grid point K 
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Table 2: Structure of Plot Data 
Remark: All Variables are of type Real 4 
Variable Explanation Dimension 
SZEIT time sec 




SGEW total mass concentration g/cm 
RAV average radius cm 
DEPDIF accumulated deposition due to g/ •:mz 
diffusion 
DEPSED accumulated deposition due to sedimentation g/cm2 
SGEWTR solid part of SGEW g/cm3 
SGEWWS liquid - II - g/ em3 
DEPD2 solid part of DEPDIF g/cm2 
DEPD3 liquid - II - g/cm2 
DEPS2 solid part of DEPSED g/ r:m2 
DF:PS3 liquid II - g/,,mz 
-
SUMLK accumulated leakage out of the g 
com11artment 
AIRM total airharne mass g 
AIR MT solid part of AIRH g I I 
AlRMW liquid - " - g 
I NUKLID number of nuclides g 
I ! 
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Table 3: Structure of Data to plot the size distribution 
Variable Type Dimension 
NTOT I * 4 number of the actual time step -
SZEIT R * 4 time sec 
z (K) R * 4 particle number class K 
-3 
~n cm 
K = 1 ' 
KMAX 
Table 4: Structure of the first record of the data set to plot the 
size distribution 
Variable Type Explanation Dimension 
KMAX I ~< 4 total number of size classes -
(see input list) 
R (K) R * 4 radius of the particles ~n the cm 
K = 1 ' s~ze class K 
KMAX 
X (K) R 'I< 4 logarithm of the radius -






Single compartment calculation with an instantaneous aerosol source 
and without steam condensation.Simple and fast running sample for first 
check after installation of the code. 
Case 2: 
Two compartment calculation taking into account a best estimate aerosol 
source for a core melt down accident in a 1300 MW PWR and steam conden-
sation on the particles in the containment. The droplets are assumed 
to evaparate after leaking into the annular gap as the secondary compartment. 
Technical remarks: 
Both examples consist of the following data: 
- Complete set of job control cards for an IBM machine including the card input 
(Unit 5), 
- Input values as printed out by the code at the beginning of each run. 
- Examples of calculated values as printed out at certain time steps. 
-Plots of the total airborne mass, the total accumulated leaked mass of 
certain nuclides and the particle size distribution at different times. 
For the second sample problern the last three items are given for each compartment 
corresponding to the two steps in this job. 
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I ILAF295E 1 JOB (0295, 691, P4311), KOYRO ,NOTIFY=LAF295, TH1E=120 
I I•'<'MAIN LINES=30 
IIE1 EXEC F7CG 
I IC. SYSPRINT DD DU~1MY 
IIC.SYSIN DD DISP=SHR,DSN=TS0657.NAUAMOD4.FORT 
IIG.FT01F001 DD DUMMY 
I IG.FT02F001 DD DUH~1Y 
IIG.FT03F001 DD UNIT=DISK,VOL=SER=BATOOH,DISP=(,CATLG), 
II DSN=LAF295.E13.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FT08F001 DD UNIT=DISK,VOL=SER=BATOOH,DISP=(,CATLG), 
II DSN=LAF295.E18.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FT09F001 DD DUHHY 
IIG.FT10F001 DD DUHHY 
IIG.FT19F001 DD DUM~1Y 
IIG.SYSIN DD * 
NAUA SAHPLE CASE # 1-----------------------------------------------
POINT SOURCE, NO STEAH, GRAVK, SINGLE Cm1P. -----------------------
72000.E6 6460.E4 50540.E4 
1. 1. 1. 0.01 
0.0025E-4 20.E-4 101 0.1 1.E-15 
0.0 100. 20 . 
. F .. F. .F. .T. .T . 
. F. 5. ES 6 .·ES 
10 100 5 
2 3 
1000000. .F. 0.4E-4 0.7 4. 
0. .F. 0.4E-4 0.7 4. 5000. 
'NUCL 1' 0.02 0. 
'NUCL 2' 0.04 0. 
'NUCL 3 1 0. 0. 
500000. .F. 0.5E-4 0.8 3. 
400000. .F. 0.6E-4 0. 4 2. 6000. 
'NUCL 1' 0. 0. 
'NUCL 2' 0.05 0.08 









NAUA - HOD4 INPUT DATA LISTING 
*********************************** 
TEXT NAUA SAHPLE GASE# 1-----------------------------------------------
POINT SOURCE, NO STEAH, GRAVK, SINGLE COHP. -----------------------
CONTROL VOLUHE PARAHETERS VOL 0. 72000E+ll 
FSED 0.64600E+08 
FDIFF 0.50540E+09 




















OUTPUT CONTROL PARMIETERS NWRITE 10 
100 
NP LOT 5 
AEROSOL SOURCE FUNCTIONS CONTAJNJNG 2 RELEASES AND 3 NUCLIDES 
UP TO 5000.0 SEC 
MODEl 1.00000E+06 (G) RG 4.00000E-05 SIGL 7.00000E-01 RHO 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 2.00000E-02 
NUCL 2 4.00000E-02 
NUCL 3 0.0 
MODE2 0.0 (G) RG 4.00000E-05 SIGL 7.00000E-Ol RHO 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0.0 
NUCL 2 0.0 
NUCL 3 0.0 
UP TO 6000.0 SEC 
MODEl 5.00000E+05 (G) RG 5.00000E-05 SIGL 8.00000E-01 RHO 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
Nt.JCL 1 0.0 
NUCL 2 5.00000E-02 
NUCL 3 3.00000E-02 
MODE2 ILOOOOOE+05 (G) RG 6.00000E-05 SIGL 4.00000E-01 RHO 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0.0 
NUCL 2 8.00000E-02 
NUCL 3 4.00000E-02 
CONTAINMENTTEMPERATURE IN TIMESTEPS OF 1 SEC UP TO 0 SEC 
130.00 
STEAMFLOW INTO THE CONTAINMENT AT 
TI ME (SEC) RATE (G/SEC) 
0.0 0.0 





1 GRID POINTS 



















1.5911 SEC PROBLEM TIME 132.70 SEC 




























130.0 (DEG C) 

























K PART.-RAD. MASSDISTRIBUT. NR.-DIST SOLID MASS H20-MASS 
(CM) (G/CW*3) ( 1/CC) ( G/Ci-1-H-*3) (G/CM**3) 
12 0.67186E-06 O.I~2610E-31 0.83858E-14 0.42610E-31 0.0 
13 0.73504E-06 0. 12070E-28 0. 18140E-ll 0. 12070E-28 0.0 
14 0.80416E-06 0. 13605E-26 0.15614E-09 0.13605E-26 0.0 
15 0.87978E-06 0.74740E-25 0.65509E-08 0.74740E-25 0.0 
16 0.96251E-06 0.23232E-23 0. 15550E-06 0.23232E-23 0.0 
17 0.10530E-05 0. 45717E-22 0.23368E-05 0.45717E-22 0.0 
18 0.11520E-05 0.62080E-21 0.24233E-04 0.62080E-21 0.0 
19 0.12604E-05 0.62214E-20 0.18546E-03 0.62214E-20 0.0 
20 0. 13789E-05 0.48518E-19 0. 11045E-02 0.48518E-19 0.0 
21 0.15086E-05 0.30712E-18 0.53397E-02 0.30712E-18 0.0 
22 0.16504E-05 0.16327E-17 0.21678E-01 0.16327E-17 0.0 
23 0.18056E-05 0.74918E-17 0.75962E-01 0. 74918E-17 0.0 
24 0.19754E-05 0.30344E-16 0.23495E+OO 0.30344E-16 0.0 
25 0.21612E-05 0. 11048E-15 0.65328E+OO 0. 11048E-15 0.0 
26 0.23644E-05 0.36709E-15 0.16576E+Ol 0.36709E-15 0.0 
27 0.25867E-05 0.11269E-14 0.38861E+Ol 0. 11269E-14 0.0 
28 0.28299E-05 0. 32294E-14 0.85045E+01 0. 32294E-11~ 0.0 
29 0.30961E-05 0.87122E-14 0.17521E+02 0.87122E-14 0.0 
30 0.33872E-05 0.22284E-13 0.34224E+02 0.22284E-13 0.0 
31 0.37057E-05 0.54357E-13 0.63753E+02 0.54357E-13 0.0 
32 0. 110542E-05 0. 12706E-12 0 . 11 3 8 1 E +O 3 0.12706E-12 0.0 
33 0.44354E-05 0.28581E-12 0. 19550E+03 0.28581E-12 0.0 
34 0.48525E-05 0.62080E-12 0.32428E+03 0.62080E-12 0.0 
35 0.53088E-05 0. 13058E-11 0.52088E+03 0.13058E-11 0.0 
36 0.58080E-05 0.26658E-11 0.81211[+03 0.26658E-11 0.0 (;) 
37 0.63542E-05 0.52936E-11 0. 12315E+OI~ 0.52936E-11 0.0 
38 0. 69517E-05 0.10242E-10 0.18196E+04 0.10242E-10 0.0 
39 0.76054E-05 0.19332E-10 0.26229E+04 0. 19332E-10 0.0 
40 0.83205E-05 0.35647E-10 0.36933E+04 0.35647E-10 0.0 
LJ1 0.91030E-05 0.64276E-10 0.50859E+04 0.64276E-10 0.0 
42 0.99589E-05 0.11344E-09 0.68547E+04 0. 11344E -09 0.0 
43 0.10895E-04 0. 19610E-09 0.90491E+04 0.19610E-09 0.0 
44 0.11920E-04 0.33224E-09 0. 11708E+05 0.33224E-09 0.0 
45 0.13041E-04 0.55205E-09 0. 14856E+05 0.55205E-09 0.0 
46 0.14267E-04 0.89992E-09 0.18496E+05 0. 89992E-09 0.0 
47 0.15609E-04 0.14401E-08 0.22603E+05 0. 14401 E-08 0.0 
48 0.17077E-04 0.22632E-08 0.27126E+05 0.22632E-08 0.0 
49 0.18682E-04 0.34937E-08 0.31978E+05 0. 34937E-08 0.0 
50 0.20439E-04 0.52996E-08 0.37043E+05 0.52996E-08 0.0 
51 0.22361E-04 0.79013E-08 0.42177.[+05 0.79013E-08 0.0 
52 0.24464E-04 0. 11581E-07 0.47211[+05 0.11581E-07 0.0 
53 0.26764E-04 0.16690E-07 0.51961E+05 0.16690E-07 0.0 
54 0.29281E-04 0.23654E-07 0.56239E+05 0.23654E-07 0.0 
55 0.32034E-04 0.32971E-07 0.59861E+05 0.32971E-07 0.0 
56 0.35047E-04 0.45197E-07. 0.62664E+05 0.45197E-07 0.0 
57 0.38342E-04 0.60933E-07 0.64515E+05 0.60933E-07 0.0 
58 0. 41948E-Oil 0.80783E-07 0.65318[+05 0.80783E-07 0.0 
59 0.45892E-04 0.10531E-06 0.65027E+05 0. 10531E-06 0.0 
60 0.50208E-04 0. 13498E-06 0.63647E+05 0.13498E-06 0.0 
61 0.54929E-04 0.17006E-06 0.61241E+05 0. 17006 E -06 0.0 
62 0.60095E-04 0.21058E-06 0.57912[+05 0.21058E-06 0.0 
63 0.65745E-04 0.25621E-06 0.53815E+05 0.25621E-06 0.0 
64 0.71928E-04 0.30633E-06 0.49135E+05 0.30633E-06 0.0 
G5 0.78692E-04 0.35983E-06 0.41~076E+05 0.35983E-06 0.0 
66 0.86091E-01! 0.41523E-06 0.38841E+05 0.41523E-06 0.0 
67 0.94187E-04 0.47072E-06 0.33626E+05 0.47072E-06 0.0 
68 0. 1030LJE-03 0.52425E-06 0.28598E+05 0.52425E-06 0.0 
69 0.11273E-03 0.5736LJE-06 0.23898E+05 0.57364E-06 0.0 
70 0.12333E-03 0.61679E-06 0.19622E+05 0.61679E-06 0.0 
71 0.13493E-03 0. 65178E-06 0. 15835E+05 0. 65178E-06 0.0 
72 0. 14762E-03 0.67702E-06 0.12561E+05 0.67702E-06 0.0 
73 0.16150E-03 0. 69136E-06 0.97961E+04 0.69136E-06 0.0 
74 0. 17669E-03 0.69427E-06 0.75123[+04 0.69427E-06 0.0 
75 0. 19330E-03 0.68565E-06 0.56656E+04 0.68565E-06 0.0 
76 0.21148E-03 0.66599E-06 0.42025E+04 0.66599E-06 0.0 
77 0.23137E-03 0.63631E-06 0.30665E+04 0.63631E-06 0.0 
78 0.25312E-03 0.59788E-06 0. 22003E+Oit 0.59788E-06 0.0 
79 0.27693E-03 0.55242E-06 0.15526E+04 0.55242E-06 0.0 
80 0.30297E-03 0.50179E-06 0. 10770E+04 0. 50179E-06 0.0 
81 0.33146E-03 0.44794E-06 0.73419E+03 0.44794E-06 0.0 
82 0.36262E-03 0.39278E-06 0.49161~E+03 0.39278E-06 0.0 
83 0.39672E-03 0.33811E-06 0.32320E+03 0.33811E-06 0.0 
84 o .1n4o3 E-0-3 0.28554E-06 0.20846E+03 0.28554E-06 0.0 
85 0.47484E-03 0.23636E-06 0.13177E+03 0.23636E-06 0.0 
86 0.51949E-03 0. 19159E-06 0.81562E+02 0.19159E-06 0.0 
87 0.56834E-03 0.15188E-06 0.49378E+02 0.15188E-06 0.0 
88 0. 62179E-03 0.11761 E-06 0.29199E+02 0.11761E-06 0.0 
89 0.68026E-03 0.88820E-07 0.16840E+02 0.88820E-07 0.0 
90 0.74423E-03 0.65312E-07 0.94567E+01 0.65312E-07 0.0 
91 0.81421E-03 0.46660E-07 0.51594E+Ol 0.46660E-07 0.0 
92 0. 89077 E -03 0.32311E-07 0.27285E+01 0.32311E-07 0.0 (.V 
93 0.97454E-03 0.21629E-07 0.13948E+01 0.21629E-07 0.0 1\) 
94 0.10662E-02 0.13951E-07 0.68707E+OO 0.13951E-07 0.0 
95 0.11664E-02 0.86372E-08 0.32484E+OO 0.86372E-08 0.0 
96 0. 12761E-02 0.51086E-08 0. 14672E+OO 0.51086E-08 0.0 
97 0.13961E-02 0.28708E-08 0. 629611E-01 0.28708[-08 0.0 
98 0. 15274E-02 0. 15227E-08 0.25504E-01 0.15227E-08 0.0 
99 0. 16710E-02 0.75613E-09 0.96719E-02 0.75613E-09 0.0 
100 0.18282E-02 0.34810E-09 0.34003E-02 0.34810E-09 0.0 
101 0.20000E-02 0.16485E-09 0.12298E-02 0.16485E-09 0.0 
**************************************************************************************************************************** 











8.6900 SEC PROBLEM TIME 10086.10 SEC 




























1 . 0969 (MI CRONS) 
130.0 (DEG C) 
























K PART.-RAD. MASSDISTRIBUT. NR.-DIST SOLID MASS H20-MASS 
( Ct~) (G/Cr-1**3) (1/CC) ( G/CM·**3) ( G/CI~**3) 
31 0.37057E-05 0.60692E-28 0. 10470E-12 0.60692E-28 0.0 
32 0.40542E-05 0.80013E-26 0.10552E-10 0.80013E-26 0.0 
33 0.1~4354E-05 0. 55581 E-·24 0.55959E-09 0.55581E-24 0.0 
3LJ 0.48525E-05 0.22LJ89E-22 0. 17286E-07 0.22489E-22 0.0 
35 0.53088E-05 0.57650E-21 o.33836E-o6 0.57650E-21 0.0 
36 0.58080E-05 0.10042E-19 0.45004E-05 0. 10042E-19 0.0 
37 0.63542E-05 0. 12597E-·18 0.43109E-04 0. 12597E-18 0.0 
38 0.69517E-05 0.119IJ6E-·17 0.31218[-03 O.l1946E-17 0.0 
39 0.7605lJE-05 0. 89206E-17 0. 17802E-02 0.89206E-17 0.0 
40 0.83205E-05 0.54283E-16 0.82722[-02 0.54283E-16 0.0 
41 ~ 0.91030E-05 0.27709E-·15 0.32247E-01 0.27709[-15 0.0 
LJ2 0.99589E-05 0.12153E-14 0.10813E+OO 0.12153E-14 0.0 
43 0.10895E-04 0.46923E-14 0.31869E+Oo 0.46923E-1Lr 0.0 
ljlj 0. 11920[-0IJ 0.16233[-·13 0.8LJ172E+OO 0.16233E-13 0.0 
45 0.1301~1[-04 0.51218[-·13 0.20279[+01 0.51218[-13 0.0 
46 0. 14267E-Oij 0. 14986E-12 0.45308[+01 0. 14986E-12 0.0 
LJ7 0.15609E-04 0.41307[-12 o.95371E+o1 O.li1307E-12 0.0 
48 0. 17077E-04 0.10885E-11 0.19192E+02 0.10885E-11 0.0 
LJ9 0.18682E-04 0 .27759E-11 o. 37373E+o2 0.27759E-11 0.0 
50 0.20439E-OLJ 0.69014E-11 o.7o951E+o2 0.6901LJE-11 0.0 
51 0.22361E-04 0.16762E-10 0. 13160E+03 0. 16762E-10 0.0 
52 0. 21~464E-0Lf 0.39608E-10 0.23771E+03 0.39608E-10 0.0 
53 0.26764E-04 0.90703E-10 o.41559E+o3 0.90703E-10 0.0 
54 0. 29281 E-OLJ 0.19956E-09 0.69812[+03 0.19956E-09 0.0 c.v .j>. 
55 0.32034E-04 0.41940E-09 0.11204E+04 0.41940E-09 0.0 
56 0. 350IJ.7E-04 0.83922E-09 o. 17119E+o4 0.83922E-09 0.0 
57 0.38342E-04 0. 15977E-08 0. 2LJ885E+OLJ 0. 15977E-08 0.0 
58 0.419LJ8E-04 0.28989[-08 0.34478[+04 0.28989E-08 0.0 
59 0. LJ5892E-04 0.50316E-08 0.45702[+04 0.50316[-08 0.0 
60 o.5o208E-o4 0.83955E-08 0.58236[+04 0.83956E-08 0.0 
61 0.54929E-04 0.13534E-07 0. 71690E+OIJ 0. 13531![-07 0.0 
62 0.60095E-04 0.21170E-07 o.85629E+o4 0. 21170E-07 0.0 
63 0.65745E-04 0.32220[-07 0.99558E+04 0.32220E-07 0.0 
64 o.71928E-o4 0.47840E-07 0.11288[+05 0.47840E-07 0.0 
65 0.78692E-04 0.69303[-07 0.12488E+05 0.69303E-07 0.0 
66 0.86091E-04 O. 978.83E-07 0.13IJ70E+05 0.97883[-07 0.0 
67 0.94187E-04 o. 13453E-o6 0.14138E+05 0. 13453E-06 0.0 
68 0.10304[-03 0.17940E-06 0.14399E+05 0.17940E-06 0.0 
69 0. 11273E-03 o.23129E-o6 0.14176E+05 0.23129E-06 0.0 
70 0.12333E-03 0.28703E-06 0.13434[+05 o.287o3E-o6 0.0 
71 0. 13493E-03 0.34159E-06 o. 12209E+o5 o.34159E-o6 0.0 
72 0. 14762E-03 0.38873E-06 0. 10610E+05 0.38873E-06 0.0 
73 0.16150E-03 O.LI2261E-06 o.sso97E+o4 o.42261E-o6 0.0 
74 0.17669E-03 0.43957E-06 0. 69977E+OLI O.I.J3957E-06 o.o 
75 0.19330[-03 0.43898E-06 o.53366E+o4 0.43898E-06 0.0 
76 0.21148E-03 0.42307[-06 o.39276E+o4 0.42307E-06 0.0 
77 0.23137[-03 0.39568E-06 0.28053E+OL! 0.39567E-06 0.0 
78 0.25312[-03 0.36061E-06 0.19526E+04 0.36061E-06 0.0 
79 0.27693E-03 o.3211LJE-o6 0.13279E+04 0.32114E-06 0.0 
80 0.30297E-03 o.27956E-o6 0.88279E+03 0.27956E-06 0.0 
81 0.33146E-03 0.23743E-06 0.57258E+03 0.23743E-06 0.0 
82 0.36262E-03 0.19594E-06 
83 0.39672E-03 0.15617E-06 
84 0.43403E-03 0.11927E-06 
85 0.47484E-03 0.86431E-fJ7 
86. 0.51949E-03 0.58750E-07 
87 0.56834E-03 0.36956E-07 
88 0.62179E-03 0.21183E-07 
89 0.68026E-03 0.10868E-07 
90 0.74423E-03 0.48941E-08 
91 0.81421E-03 0.18938E-08 
92 0.89077E-03 0.61605E-09 
93 0.97454E-03 0.16492E-09 
94 0.10662E-02 0.35625E-10 
95 0.11664E-02 0.61061E-11 
96 0.12761E-02 0.81930E-12 
97 0.13961E-02 0.85171E-13 
98 0.15274E-02 0.68070E-14 
99 0.16710[-02 0.41585E-15 
100 0. 18282E-02 0.19337E-16 











































































811.7292 SEC PROBLEM TIME 360024.19 SEC= 6000.4 MIN = 100.0 HRS 




















































K PART.-RAD. MASSOISTRIBUT. NI\.-DIST SOLID MASS H20-MASS 
(Cl~) (G/CM**3) ( 1/CC) ( G/CM·li-*3) (G/CM**3) 
35 0.53088E-05 0.12472E-28 0.73278E-14 0. 121J72E-28 0.0 
36 0.58080E-05 0. 15604E-26 0.69994E-12 0. 1560IJE-26 0.0 
37. 0.63542E-05 0. 10708E-24 0.36676E-10 0. 10708E-24 0.0 
38 0.69517E-05 0.41~059E-23 0.11522E-08 0 .1+4059E-23 0.0 
39 0.76054E-05 0. 11712E-21 0.23386E-07 0.11712E-21 0.0 
40 0.83205E-05 0.2ll115E-20 0.32652E-06 0.21415E-20 0.0 
41 0.91030E-05 0.28396E-19 0.33064E-05 0.28396E-19 0.0 
42 0.99589E-05 0.28483E-18 0.25399E-04 0.28483E-18 0.0 
43 0.10895E-04 0.22582E-17 0.15364E-03 0.22582E-17 0.0 
44 0.11920E-04 0.14578E-16 0.75697E-03 0.14578E-16 0.0 
45 0.13041E-04 0.78836E-16 0.31249E-02 0. 78836E-16 0.0 
46 0.14267E-04 0.36669E-15 0.11097E-01 0.36669E-15 0.0 
tn 0.15609E-OII 0.15006E-14 0. 34674E-01 0.15006E-111 u.o 
48 0. 17077E-04 0.55160E-14 0.97331E-01 0.55160E-14 0.0 
49 0.18682E-OLI 0.18513E-13 0.24940E+OO 0. 18513E-13 0.0 
50 0.20439E-04 0.57320E-13 0.58965E+OO 0.57320E-13 0.0 
51 0.22361E-04 0.16441E-12 0.12916E+01 0.16441E-12 0.0 
52 0.24464E-04 0.43539E-12 0.26194E+Ol 0.43539E-12 0.0 
53 0.26764E-04 0.10596E-11 0.48634E+01 0.10596E-11 0.0 
54 0.29281E-04 0.23457E-11 0.82140E+01 0.23457E-11 0.0 
55 0.32034E-04 0.46892E-11 0.12538E+02 0.46892E-11 0.0 
56 0. 3501+7E -04 0.84062E-11 0.17162E+02 0.84062E-11 0.0 
57 0.38342E-04 0.13458E-10 0.20979E+02 0.13458E-10 o.u 
58 0.41948E-04 0. 19206E-10 0.22861E+02 0. 19206E-10 0.0 
59 0.45892E-04 0.24422E-10 0.22198E+02 0.24422E-10 0.0 
60 0.50208E-04 0.27623E-10 0.19172E+02 0.27623E-10 0.0 w 
61 0.54929E-04 0.27675E-10 0.14668E+02 0.27675E-10 0.0 "" 
62 0.60095E-04 0.24325E-10 0.98451E+01 0.24325E-10 0.0 
63 0.65745E-04 0.18514E-10 0.57272E+Ol 0. 18514E-10 0.0 
64 0. 71928E-04 0.11852E-10 0.27996E+01 0.11852E-10 0.0 
65 0.78692E-04 0.62093E-11 0.11200E+01 0.62093E-11 0.0 
66 0.86091E-04 0.25614E-11 0.35280E+OO 0. 2561 LJE-11 0.0 
67 0.94187E-04 0.79416E-12 0.83525E-01 0. 79416E-12 0.0 
68 0. 10304E-03 0. 17499E-12 0.14054E-01 0.17499E-12 0.0 
69 0.11273E-03 0.25637E-13 0.15723E-02 0.25637E-13 0.0 
70 0.12333E-03 0.23096E-14 0.10817E-03 0.23096E-14 0.0 
71 0.13493E-03 0.11705E-15 0.418611E-05 0.11705E-15 0.0 
72 0. 14762E-~3 0. 30242E-17 0.82598E-07 0. 302IJ2E-17 0.0 
73 0.16150E-03 0.36218E-19 0.75554E-09 0.36218E-19 0.0 
74 0. 17669E-03 0. 18508E-21 0.29487E-11 0. 18508E-21 0.0 
75 0.19330E-03 0.39463E-24 0.48016E-14 0.39463E-24 0.0 
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o-l 2 3 4 s s 7 as 
ST~KES RADIUS ~ 
============================~~m~LA~Fi===== 
PARTICLE SIZE DISTRIBUTI~NS 
-42-
IILAF295E2 JOB (0295,691,P4311),KOYRO,NOTIFY=LAF295,TIME=120 
I ~~~MAIN LINES=30 
IIE2 EXEC F7CG 
IIC.SYSPRINT DD DUMMY 
IIC.SYSIN DD DISP=SIIR,DSN=TS0657.NAUAMOD4.FORT 
IIG.FT01F001 DD DSN=LAF295.L.LIST,UNIT=DISK,VOL=SER=BATOOH,DCB=DCB.VBS, 
II DISP=(,CATLG),SPACE=(CYL,(20,5),RLSE) 
IIG.FT02F001 DD DUNMY 
I IG. FT03F001 DD UNIT=DISK, VOL=SER=BATOOH,DISP=( ,CATLG), 
II DSN=LAF295.E23.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FT08F001 DD UNIT=DISK,VOL=SER=BATOOH,DISP=(,CATLG), 
II DSN=LAF295.E28.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FT09F001 DD DSN=LAF295.REST2,UNIT=DISK,VOL=SER=BATOOH,DCB=DCB.VBS, 
II DISP=(,CATLG),SPACE=(TRK,(1,1)) 
I IG. FT10F001 DD Dm1NY 
I/G.FT19F001 DD DSN=&&CPUZEIT,UNIT=SYSDA,DCB=DCB.VBS,DISP=(,PASS) 
//G.SYSIN DD * 
;\/AllA SMlPLE GASE II 2 ----- --- ---- ------- --- ---- --- ---- - -------------
CONTAINMENT, BEST ESTIMATE AEROSOL SOURCE, STEAN, GRAVK -----------
. 72000.E6 6460.E4 50540.E4 
1. 1. 1. 0.01 
0.0025E-4 50.E-4 101 0.1 1.E-15 
0. 100. 120 . 
. F .. F. .T. .T. .T. 
. T. 0 . 0. 1846. 12462. 
20 200 5 
5 1 
170.94 .T. .1E-4 .29 8 . 
0. . F. . 1E-4 .29 8. 1170 . 
1NUCL 11 .05 0 
350.26 . T. .1E-4 .29 8 . 
0. .F. .1E-4 .29 8. 2026.5 
1NUCL 11 .05 0 
956.94 .T. .1E-4 .29 8 . 
0. . F. . 1E-4 .29 8 . 2340. 
1NUCL 1 I .05 0 
0. . F. .1E-4 .29 8 . 
0. . F. .1E-4 .29 8. 8580 . 
1NUCL 11 .0 0 
111.11 . T. .1E-4 .29 8. 
61.11 . T. 1.66E-4 .77 2.5 10380 . 











IIE2S2 EXEC F7CG 
I IC. SYSPRINT DD DUW1Y 
IIC.SYSIN DD DSN=TS0657.NAUAMOD4.FORT,DISP=SHR 
IIG.FTOlFOOl DD DUMMY 
IIG.FT02F001 DD DSN=*.E2.G.FT01F001,DISP=SHR 
IIG.FT03F001 DD UNIT=DISK,VOL=SER=BATOOH,DISP=(,CATLG), 
II DSN=LAF295.E2S23.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FTOBFOOl DD UNIT=DISK,VOL=SER=BATOOH,DISP=(,CATLG), 
II DSN=LAF295.E2S28.DATA,SPACE=(TRK,(20,5)),DCB=DCB.VBS 
IIG.FT09F001 DD DSN=LAF295.REST2S2,UNIT=DISK,VOL=SER=BATOOH, 
II DCB=DCB.VBS,DISP=(,CATLG),SPACE=(TRK,(l,l)) 
IIG.FTlOFOOl DD DUMMY 
IIG.FT19F001 DD DSN=*.D4.G.FT19F001,DISP=(OLD,DELETE) 
I IG. SYSIN DD •'< 
NAUA SM1PLE GASE II 2-------------------------------------------------
ANNULAR GAP, AEROSOL SOURCE = LEAK OF CONTA IN~lENT, NO STEAM, GRAVK --
1.4675E10 2,564E7 2.36235E8 
1. 1. 1. 0.01 
0.0025E-4 50.E-4 101 0.1 1.E-15 
0. 100. 120 . 
. F .. T .. F. .T. .T . 
. F. 0. 0. 0. 0. 
10 100 5 
1 1 
0. .F. 1 
0. .F. 1 









1 1 0. 
0. 
-44-
NAUA - HOD4 INPUT DATA LISTING 
*********************************** 
TEXT NAUA SAHPLE GASE II 2------------------------------------- ----------
CONTAINHENT, BEST ESTHiATE AEROSOL SOURCE, STEM1, GRAVK -------
CONTROL VOLUHE PARMiETERS VOL 0. 72000E+ll 
FSED 0.64600E+08 
FDIFF 0.50540E+09 






















OUTPUT CONTROL PARAMETERS N\VRITE 20 
200 
NP LOT 5 
AEROSOL SOURCE FUNCTIONS CONTAINING 5 RELEASESAND 1 NUCLIDES 
UP TO 1170.0 SEC 
MODEl 1.70940E+02 (G/SEC) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 5. OOOOOE-02 
MODE2 0.0 (G) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0. 0 
UP TO 2026.5 SEC 
MODEl 3.50260E+02 (G/SEC) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 5.00000E-02 
MODE2 0.0 (G) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0. 0 
UP TO 2340.0 SEC 
MODEl 9.56940E+02 (G/SEC) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 5. 00000 E -02 
MODE2 0.0 (G) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0. 0 
UP TO 8580.0 SEC 
MODEl p.O (G) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0. 0 
MODE2 0.0 (G) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0.0 
UP TO 10380.0 SEC 
MODEl 1.11110E+02 (G/SEC) RG l.OOOOOE-05 SIGL 2.90000E-01 RHO 8.000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 5. OOOOOE-02 
MODE2 6.11100E+Ol (G/SEC) RG. 1.66000E-04 SIGL 7.70000E-01 RHO 2.500 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0. 0 
CONTAINMENTTEMPERATURE IN TIMESTEPS OF 1 SEC UP TO 0 SEC 
130.00 
STEAMFLOW INTO THE CONTAINMENT AT 4 GRID POINTS 
TIME (SEC) 












OF THE CONTAINMENT AT 
RATE (1/SEC) 
0.11574E-06 













1.1820 SEC PROBLEM TIME 1807.43 SEC 























130.0 (DEG C) 
30.1 !~IN = 0.5 HRS 
AIRBORNE MASSES ACC. LEAKED MASSES 

























4.5399 SEC PROBLEM TI l"lE 3973.72 SEC 






















0. 5823 ( ~11 CRONS) 
130.0 (DEG C) 









1 . 1 HRS 










K PART.-RAD. f~ASSD I STR I BUT. NR.-DIST SOLID MASS H20-fJfASS 
(CM) (G/CH**3) (1/CC) ( G/01**3) (G/CM-1"*3) 
26 0.29730E-05 0.11+611E-27 0.16590E-12 0.14611E-27 0.0 
27 0.32826E-05 0.84901E-25 0.71620E-10 0.84901E-25 0.0 
28 0.36243E-05 0.23809E-22 0. 14922E-07 0.23809E-22 0.0 
29 0.40016E-05 0.26074E-20 0. 12142E-05 0.26071+E-20 0.0 
30 OJI4182E-05 0.15745E-18 0.54472E-01+ 0.15745E-18 0.0 
31 0.48781E-05 0.55396E-17 0. 14239E-02 0. 55396E-17 0.0 
32 0.53860E-05 0.12135E-15 0.23175E-01 0.12135E-15 0.0 
33 0.59467E-05 0. 17499E-14 o. 211828 E +oo 0. 17499E-14 0.0 
34 0.65658E-05 0.17386E-13 0.18328E+Ol 0.17386E-13 0.0 
35 0.72493E-05 0. 12486E-12 0. 97787E+01 0.12486E-12 0.0 
36 0.800IIOE-05 0.67367E-12 0. 39200E+02 0.67367E-12 0.0 
37 0.88372E-05 0.28733E-11 0. 12422E+03 0.28733E-11 0.0 
38 0. 97572E-05 0.98574E-11 0.31662E+03 0.98574E-11 0.0 
39 0. 10773E-04 0.29108E-10 0. 691+62E+03 0.29108E-10 0.0 
1+0 0.11895E-04 0.75983E-10 0.13472E+04 0.75983E-10 0.0 
41 0. 13133E-04 0.18003E-09 0.23715E+04 0.18003E-09 0.0 
1+2 0. 14500E-04 0.39518E-09 0.38676E+04 0.39518E-09 0.0 
43 0. 16010E-04 0.81297E-09 0.59115E+04 0.81297E-09 0.0 
44 0. 17676E-01+ 0.15890E-08 0.85846E+04 0.15890E-08 0.0 
1+5 0.19516E-04 0.29808E-08 0. 11964E+05 0.29808E-08 0.0 
46 0.21548E-01+ 0.53981E-08 0. 16098E+05 0.53981E-08 0.0 
47 0.23791E-04 0.95151E-08 0.21082E+05 0.95151E-08 0.0 
48 0.26268E-04 0. 16162E-07 0.26604E+05 0. 16162E-07 0.0 
49 0.29003E-04 0.26746E-07 0.32711E+05 0.26746E-07 0.0 
50 0.32022E-04 0.43045E-07 0.39113E+05 0.43045E-07 0.0 
51 0.35356E-04 0.67536E-07 0.45594E+05 0.67536E-07 0.0 """ ()) 
52 0.39037E-04 0. 10372E-06 0.52025E+05 0.10372E-06 0.0 I 53 0.43101E-04 0. 15738E-06 0.58650E+05 0. 15738E-06 0.0 
54 0.47588E-04 0.23736E-06 0.65717E+05 0.23736E-06 0.0 
55 0.52542E-04 0.35599E-06 0.73228E+05 0.35599E-06 0.0 
56 0.58012E-04 0.52713E-06 0.80562E+05 0.52713E-06 0.0 
57 0.64051E-Ol+ 0.74143E-06 0.84188E+05 0.74143E-06 0.0 
58 0.70719E-04 0.96563E-06 0.81463E+05 0.96563E-06 0.0 
59 0.78081E-04 0.11368E-05 0. 71255E+05 0. 11368E-05 0.0 
60 0.86210E-04 0.11923E-05 0.55522E+05 0.11923E-05 0.0 
61 0.95185E-04 0. 13361E-05 0.46228[+05 0.13361E-05 0.0 
62 0.10509E-03 0.36098E-06 0.92790[+04 0.36098E-06 0.0 
63 0.11603E-03 0.64268E-07 0. 12274E+04 0.64267E-07 0.0 
64 0.12811E-03 0.76188E-08 0.1081ÖE+03 0.76188E-08 0.0 
65 0. 141L!5E-03 0.11651 E-08 0.20446E+02 0.10627E-08 0. 10242E-09 
66 0. 15618E-03 0.11791 E-08 0. 18144E+02 0.10286E-08 0. 15046E-09 
67 0.17244E-03 0.25063E-08 0.31966E+02 0.21112E-08 0.39507E-09 
68 0.19039E-03 0.55102E-08 0.60737E+02 0.43809E-08 0.11293E-08 
69 0.21021E-03 0. 10727E-07 0. 11411E+03 0. 71+474E-08 0.32800E-08 
70 0.23209E-03 0.16130E-07 0.16912E+03 0.88909E-08 0.72393E-08 
71 0.25626E-03 0.17132E-07 0.14100E+03 0.88798E-08 0.82519E-08 
72 0.28293E-03 0. 15096E-07 0. 10083E+03 0.69693E-08 0.81269E-08 
73 0.31239E-03 0. 17154E-07 0.10264E+03 0.55521E-08 0.11602E-07 
74 0.34491E-03 0.30653E-07 0.14992E+03 0.74374E-08 0.23215E-07 
75 0.38082E-03 0.48413E-07 0.18144E+03 0. 10396E-07 0. 38017E-07 
76 0.42046E-03 0.59842E-07 0. 17141E+03 0.11276E-07 0.48566E-07 
77 0.46423E-03 0.73582E-07 
78 0.51256E-03 O.llllOE-06 
79 0.56592E-03 0. 16123E-06 
80 0.62484E-03 0.18748E-06 
8i 0.68989E-03 0.18323E-06 
82 ·o. 76171E-03 0.19742E-06 
83 0.84100E-03 0.32953E-06 
84 0.92856E-03 0.69414E-06 
85 0.10252E-02 0. 12643E-05 
86 0. 11320E-02 0. 17684E-05 
87 0. 12498E-02 0.19706E-05 
88 0.13799E-02 0.19271E-05 
89 0.15236E-02 0.18163E-05 
90 0.16822E-02 0. 16951E-05 
91 0.18573E-02 0.15479E-05 
92 D.20507E-02 0.13694E-05 
93 0.22641E-02 0.11719E-05 
94 0.24998E-02 0.97187E-06 
95 0.27601[-02 0.77881E-06 
96 0.30474E-02 0.59836E-06 
97 0.33647E-02 0.43582E-06 
98 0.37150E-02 0.29682E-06 
99 0.41017E-02 0.18600E-06 
100 0.45287E-02 0. 10522E-06 
101 0.50000E-02 0.83547E-07 
0. 161~98E+03 0.10ll!4E-07 
0. 19272E+03 0. 10750E-07 
0.21025E+03 0. 13629E-07 
0.18241E+03 0. 15011E-07 
0. 13353E+03 0. 13093E-07 




0. 30777E+03 0.23li65E-07 
0.25471[+03 0.26959E-07 
0. 18508[+03 0.26171E-07 
0. 12966E+03 0.23778E-07 
0.89931[+02 0.21584E-07 
0.61016E+02 0. 19634E-07 
0.40101E+02 0.17555E-07 
0.251~93[+02 0.15230E-07 




0. 14611E+01 0.40007E-08 
0.68024E+OO 0.25140E-08 
0.28590E+OO 0. 14251E-08 
0. 16870E+OO 0. 11175E-08 





































1.7021 SEC PROBLEM TIME 10474.62 SEC 





















0. 2087 (~~I CRONS) 
130.0 (DEG C) 
174.6 I~ IN = 2.9 HRS 























858.2080 SEC PROBLEM TIME 360538.19 SEC 






















130.0 (DEG C) 
6009.0 MIN = 100.1 HRS 






_AVERAGE DENS I TY 
SATURATION RATIO 




K PART. -RAD. MASSDISTRIBUT. NR.-DIST SOLID MASS H20-MASS 
(GM) (G/CM**3) (1/CC) (G/CM**3) ( G/Cf~**3) 
31 0.48781E-05 0.3362l+E-27 0.14529E-12 0. 3362L!E-27 0.0 
32 0.53860E-05 0.10674E-24 0. 31~285E-10 0.10674E-24 0.0 
33 0.59467E-05 0.14771E-22 0.35199E-08 0.14771E-22 0.0 
34 0.65658E-05 0.99996E-21 0.17703E-06 0.99996E-21 0.0 
35 0. 721+93E-05 0.36567E-19 0.48130E-05 0.36567E-19 0.0 
36 0.80040E-05 0.78867E-18 0.77092E-04 0.78867E-18 0.0 
37 0. 88372E-05 0.10839E-16 0.78704E-03 0.10839E-16 0.0 
38 0.97572E-05 0. 10197E-15 0.55126E-02 0.10197E-15 0.0 
39 0.10773E-04 0. 701~47E-15 0.28277E-01 0.70447E-15 0.0 
40 0. 11895E-OI+ 0.37651E-14 0.11226E+OO 0.37651E-14 0.0 
ljl 0.13133E-04 0.16229E-13 0. 3591+2E+OO 0.16229[-13 0.0 
42 0.14500E-04 0.58158[-13 0.95672E+OO 0.58158E-13 0.0 
lß 0.16010E-Oif 0.17733[-12 0.21672[+01 0.17733E-12 0.0 
44 0. 17676E-04 0.46826E-12 0.42514E+Ol 0.46826E-12 0.0 
lö 0.19516E-QI~ 0.10869E-11 0. 73306E+Ol 0.10869E-11 0.0 
46 0.21548E-04 0.22482[-11 0.11267E+02 0.22482E-11 0.0 
47 0.23791E-04 0.41959E-11 0.15621[+02 0. 41959E-11 0.0 
48 0.26268E-OL~ 0. 71483[-11 0. l_9790E+02 0. 71483E-11 0.0 
49 0.29003E-OI+ 0.11178[-10 0.22985E+02 0.11178E-10 0.0 
50 o. 32022[-01+ 0.15986E-10 0. 241119E+02 0. 15986E-10 0.0 
51 0.35356E-04 0.20624E-10 0.23401[+02 0.20624E-10 0.0 
52 0. 39037E-QI~ 0.23546E-10 0. 1981t7E+02 0.23546E-10 0.0 
53 0.43101E-04 0.23309E-10 0. 14596E+02 0.23309E-10 0.0 
54 0.47588E-04 0.19568E-10 0.91029E+Ol 0.19568E-10 0.0 
55 0.52542E-04 0.13561E-10 0.1~6870E+Ol 0.13561E-10 0.0 
56 0.58012E-04 0. 75246E-ll 0. 19321E+Ol 0.75246E-11 0.0 01 
57 0.64051E-OII 0.32159E-11 0.61374E+OO 0.32159E-11 0.0 
1\) 
58 0.70719E-04 0.99466[-12 0. 14103E+OO 0.99466E-12 0.0 
59 0. 78081 E-01~ 0.20697E-12 0.21802[-01 0.20697E-12 0.0 
60 0.86210[-04 0.26460E-13 0.20707E-02 0.26460E-13 0.0 
61 0.95185E-04 0. 18668E-14 0. 108511[-03 0. 18668E-14 0.0 
62 0. 10509E-03 0.64345E-16 0. 27792 E -05 0.64345E-16 0.0 
63 0.11603E-03 0.95354E-18 0.30598E-07 0.95354E-18 0.0 
64 0.12811[-03 0.54565E-20 0. 13008E-09 0.54565E-20 0.0 

































102 03 1o4 06 
TIME CSJ U 
~~~~~~~~~~~~==~~LAF~l==~ 










02 I I I 
-54-
v 
03 I o• I 1o6 I I 
TIME CSJ %fwz 
==============================~~LA~Fl===== 



















2 2 3 4 s67as o-l 2 3 4 5s7s9·oo 2 3 4 56789 01 
STCJKES RADIUS *:;:::;LA;;:;;;;F;::l =:;::=::= 
PRRTICLE SIZE DISTRIBUTI~NS 
-56-
NAUA - HOD4 INPUT DATA LISTING 
*********************************** 
TEXT NAUA SMIPLE GASE II 2 --------------------- -,-------------------------
ANNOLAR GAP, AEROSOL SOORCE = LEAK OF CONTAIWIENT, NO STEAM, GRAVK 
CONTROL VOLOHE PARMIETERS VOL 0. 146 7 SE+ 11 
FSED 0.25640E+08 
FDIFF 0.23624E+09 






















OUTPOT CONTROL PARMIETERS NWRITE 10 
100 
NP LOT 5 
AERQSOL SOURCE FUNCTIONS CONTAINING 1 RELEASES AND 1 NUCLIDES 
UP TO 0.0 SEC 
MODEl 0.0 (G) RG 1.00000E+OO SIGL 1.00000E+OO RHO 1. 000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0.0 
MODE2 0.0 (G) RG 1.00000E+OO SIGL 1.00000E+OO RHO 1. 000 
CONTAINING THE FOLLOWING NUCLIDE FRAGTIONS 
NUCL 1 0.0 
CONTAINMENTTEMPERATURE IN TIMESTEPS OF 1 SEC UP TO 0 SEC 
130.00 
STEAMFLOW INTO THE CONTAINMENT AT 1 GRID POINTS 
Tlt~E (SEC) RATE (G/SEC) 
0.0 0.0 
LEAKRATE OUT OF THE CONTAINMENT AT 1 GRID POINTS 




PRECEDING VOLUME 7.200001E+lO (CM**3), DILUTION FACTOR 4.906 WITH THE 
NUCL 1 














20.0000 SEC PROBLEM TIME 2000.00 SEC 






















130.0 (DEG C) 
33.3 MIN = 0.6 HRS 














K PART. -RAD. MASSDISTRIBUT. NR.-DIST SOLID MASS H20-MASS 
(CM) (G/CM**3) (1/CC) ( G/OP"*3) (G/CM**3) 
14 0.90589E-06 0.12992E-29 0. 52153E-13 0. 12992E-29 0.0 
15 0. 10002E-05 0. 34LJ34E-28 0. 10270E-11 0.34434E-28 0.0 
16 0.11043E-05 0.80378E-27 0.17811[-10 0.80378E-27 0.0 
17 0. 12193E-05 0.16541JE-25 0.27237E-09 0. 165411 E-25 0.0 
18 0.13462E-05 0.30056E-24 0.36764E-08 0.30056E-24 0.0 
19 0.1486LJE-05 0.48233E-23 0.43833E-07 0.48233[-23 0.0 
20 0.16411[-05 0.68388[-22 0.46177E-06 0.68388[-22 0.0 
21 0.18120E-05 0.85718[-21 0.43001E-05 0.85718[-21 0.0 
22 0.20006E-05 0.94977E-20 0.35399E-04 0. 94977E-20 0.0 
23 0.22089E-05 0.930/HE-19 0.25766E-03 0.93047E-19 0.0 
24 0.24388E-05 0.80587E-18 0.16579[-02 0.80587[-18 0.0 
25 0.26927E-05 0.61699E-17 0.94306E-02 0.61699[-17 0.0 
26 0.29730E-05 O.l-l1745E-16 0.47407E-01 O.IJ1745E-16 0.0 
27 0.32826E-05 0.24961E-15 0.21060E+OO 0.24961E-15 0.0 
28 0.36243E-05 0.13189[-11! 0.82673E+OO 0.13189E-14 0.0 
29 O.L!0016E-05 0.61529E-14 0.28658[+01 0.61529E-14 0.0 
30 0.44182E-05 0.25356E-13 0.87741[+01 0.25356E-13 0.0 
31 0. 48781E-05 0.92295E-13 0.23728[+02 0.92295[-13 0.0 
32 0.53860E-05 0.29658E-12 0.56649E+02 0.29658[-12 0.0 
33 0.59467E-05 0.84211E-12 0.11951E+03 0.84211E-12 0.0 
34 0.65658E-05 0.21135E-11 0.22284[+03 0.21135E-11 0.0 
35 0. 721~93E-05 0.46998[-11 0.36816E+03 0.46998[-11 0.0 
36 0.80040E-05 0. 9301LJE-11 0.54134E+03 0.93014[-11 0.0 
37 0.88372E-05 0.16508E-10 0. 71383E+03 0.16508E-10 0.0 
38 0.97572E-05 0.26556E-10 0.85319[+03 0.265~6E-10 0.0 
39 0.10773E-04 0.39225[-10 0.93628[+03 0.39225E-10 0.0 (]1 CO 
40 0.11895E-04 0.53888[-10 0.95564[+03 0.53888[-10 0.0 
I+] 0.13133E-04 0.69680E-10 0.91806[+03 0.69680[-10 0.0 
"42 0.14500E-04 0.85747E-10 0.83936[+03 0.85747E-10 0.0 
1!3 0.16010E-04 0.10152E-09 0.73833E+03 0.10152E-09 0.0 
44 0.17676E-04 0. 11691 E-09 0.63172[+03 0.11691E-09 0.0 
45 0.19516E-04 0. 13233E-09 0.53125E+03 0.13233E-09 0.0 
46 0.21548[-01~ 0. 14852E-09 0.44299[+03 0. 14852E-09 0.0 
47 0.23791[-04 0. 16623E-09 0.36837[+03 0. 16623E-09 0.0 
48 0.26268E-04 0. 18582E-09 0.30596E+03 0. 18582E-09 0.0 
49 0.29003E-04 0.20707E-09 0.25331[+03 0.20707E-09 0.0 
50 0.32022E-04 0.22875E-09 0.20790[+03 0.22875E-09 0.0 
51 0.35356[-04 0.24817E-09 0.16757E+03 0.24817E-09 0.0 
52 0.39037E-04 0.26047E-.09 0.13067[+03 0.26047E-09 0.0 
53 0.43101E-04 0.25925E-09 0.96628[+02 0.25925E-09 0.0 
54 0.47588E-04· 0.23892E-09 0.66163[+02 0.23892E-09 0.0 
55 0.52542E-04 0.20091E-09 0.41336[+02 0.20091[-09 0.0 
56 0.58012E-04 0. 111878E-09 0.22743E+02 0. 14878E-09 0.0 
57 0.64051E-04 0.64701JE-10 0.73487E+Ol 0. 64701+[-1 0 0.0 
58 0. 70719[-011 0.27904E-10 0.23545E+01 0. 27904 E-1 0 0.0 
59 0.78081E-04 0.13636E-10 0.85484E+OO 0.13636E-10 0.0 
60 0.86210E-04 0.82569[-11 0.38458[+00 0.82569E-11 0.0 
61 0.95185E-04 0.62760E-11 0.21718[+00 0.62760E-11 0.0 
62 0.10509E-03 0.45055E-11 0.11584E+OO .0.1+5055E-11 0.0 
63 0.11603E-03 0.28581[-11 0.511595E-01 0.28581E-11 0.0 
61~ 0. 12811E-03 0.16700E-11 0.23700[-01 0.16700E-11 0.0 
65 0. 14145E-03 0.88277E-12 
66 0.15618E-03 0.43990E-12 
67 0. 17244E-03 0.16052E-12 
68 0.19039E-03 0.50983E-13 
69 0.21021E-03 0. 161119 E -1 3 
70 0.23209E-03 0.41529E-14 
71 0.25626E-03 0.87758E-15 
72 0.28293E-03 0.15210E-15 
73 0.31239E-03 0.18907E-16 
74 0.34491E-0;3 0.22913E-17 
75 0.38082E-03 0.33407E-18 
76 0.42046E-03 0.30812E-19 
77 0.46423E-03 0.21409E-20 
78 0.51256E-03 0. 12805E-21 
0.93079E-02 0.88277E-12 








0. 16665E-08 0.22913E-17 
0.18052E-09 0.33407E-18 






























9.2335 SEC PROBLEM TIME 16435.65 SEC 






















130.0 (DEG C) 
-·-
273.9 MIN = 4.6 HRS 






























0.0 ( G) 
PROBLEM TIME 360025.50 SEC 















130.0 (DEG C) 
6000.4 MIN = 100.0 HRS 













K PART. -RAD. MASSDISTRIBUT. NR.-DIST SOLID MASS H20-MASS 
(CM) (G/CM**3) (1/CC) (G/CM**3) (G/CM**3) 
23 0.22089E-05 0.75157E-29 0.34294E-13 0.75157E-29 0.0 
24 0.24388E-05 0. 19371E-26 0.65675E-11 0.19371E-26 0.0 
25 0.26927E-05 0.25123E-24 0.63223E-09 0.25123E-24 0.0 
26 0.29730E-05 0. 18072E-22 0.33780E-07 0.18072E-22 0.0 
27 0.32826E-05 0. 77769E-21 0. 10803E-05 0. 77769E-21 0.0 
28 0.36243E-05 0.21447E-19 0.22119E-04 0.21447E-19 0.0 
29 0.40016E-05 0.39763E-18 0.30615E-03 0.39763E-18 0.0 
30 0.44182E-05 0.52322E-17 0.29902[-02 0.52322E-17 0.0 
31 0.48781E-05 0.50273E-16 0.21314[-01 0.50273E-16 0.0 
32 0.53860E-05 0.36483E-15 0.11484E+OO 0.36483E-15 0.0 
33 0.59467E-05 0.20437E-14 O.L~7785E+OO 0.20437[-1/f 0.0 
31f 0.65658E-05 0.90097E-14 0.15637E+01 0.90097E-14 0.0 
35 0.72493E-05 0.32041+[-13 0.41293E+01 0. 3204IJE-13 0.0 
36 0.80040E-05 0. 9352l!E-13 0.89686E+01 0.93524E-13 0.0 
37 0.88372E-05 0.22998[-12 0.16371[+02 0.22998E-12 0.0 
38 0.97572E-05 0.48807E-12 0.25895E+02 0.48807[-12 0.0 
39 0. 10773E-04 0.92398E-12 0.36367E+02 0.92398E-12 0.0 
40 0.11895E-04 0.15918E-11 0.46507[+02 0. 15918[-11 0.0 
41 0.13133E-04 0.25313E-11 0.54968E+02 0.25313[-11 0.0 
42 0. 14500E-04 0.37418E-11 0.60409E+02 0.37418E-11 0.0 
43 0.16010E-04 0.51506E-11 0.61782E+02 0.51506E-11 0.0 
44 0.17676E-04 0.65844E-11 0.58665E+02 0.65844E-11 0.0 
45 0.19516E-04 0.77792E-11 0.51483E+02 0.77792E-11 0.0 
46 0.21548E-04 0.84395[-11 0.41485E+02 0.84395E-11 0.0 
47 0.23791E-04 0.83478E-11 0.30477E+02 0.83477E-11 0.0 Ol c.l 
48 0.26268E-04 0.74927E-11 0.20337E+02 0.74927E-11 0.0 
49 0.29003E-04 0.60854E-11 0. 12270E+02 0. 60854E-11 0.0 
50 0.32022E-04 0.45176E-11 0.67644E+01 0. 45176E-11 0.0 
51 0.35356E-04 0.31424[-11 0. 31+939E+01 0.31421![-11 0.0 
52 0.39037E-04 0.21111E-1"1 0. 17429E+01 0.21111E-11 0.0 
53 0.43101E-04 0.13825E-11 0.84756E+OO 0.13825E-11 0.0 
54 0.47588E-04 0.85420E-12 0.38907E+OO 0.85420E-12 0.0 
55 0.52542E-04 0.46603E-12 0.15771E+OO 0.46603E-12 0.0 
56 0.58012E-OIJ 0.21027E-12 0.52860E-01 0.21027E-12 0.0 
57 0.64051E-04 0.74126E-13 0.13875E-01 0.74126E-13 0.0 
58 0. 70719E-Ol~ 0.1891!2E-13 0.2631~3E-02 0.18942E-13 0.0 
59 0.78081E-04 0.32555E-14 0.33618E-03 0.32555E-14 0.0 
60 0.86210E-04 0.34339E-15 0.26329E-04 0.34339E-15 0.0 
61 0.95185E-04 0.19963(-16 0.11366E-05 0.19963E-16 0.0 
62 0.10509E-03 0.56650E-18 0. 23 977 E-07 0.56650E-18 0.0 
63 0.11603E-03 0.68963E-20 0. 21706E-09 0.68963E-20 0.0 







/ -~ N 0 -
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102 103 to• 105 1 
TI ME C S J rv,J~-vz 
================!~~J,SLAFl 


















I I 1o• 106 1 
TIME C S J rvifi\r,~ 
====================================~~~LA~F~l====== 



























o-t 2 3 4 5 6 7 89 0° 2 3 4 5 6 7 89 0 1 
ST~KES RADIUS ~~~ 
~==========================~Wlli~LA~Fl====~ 
PRRTICLE SIZE DISTRIBUTI~NS 
